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Cycloisomerization reactions do not cease to amaze chemists who stand still trying to grasp the circle dance of atoms in their molecules. Indeed Nature also makes use of these atom-economical transformations to construct many of the rings found embedded in its precious products. One notable example of this is the pericyclic oxa-6π-electrocyclization reaction of dienone (or dienal) structures to yield the well-known 2H-pyran isomers. This reversible process is usually masked by subsequent transformations, mostly [4+2] cycloadditions, accounting for the biosynthesis of xanthipungolide, torreyanic acid, epoxyquinols A-C, pinnatal, and so many other elegant natural molecules of interest.
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The domino Knoevenagel condensation/oxa-6π-electrocyclization reaction between enals and 1,3-dicarbonyl substrates, usually referred to as formal [3+3] cycloaddition, has become a very useful strategy for the synthesis of natural 2H-pyran-containing compounds. 4, 5 Our studies on this condensation using α,β,γ,δ-unsaturated aldehydes revealed that, depending on the substitution pattern and electronic properties, apart from the expected π-conjugated dicarbonyl products and their 2H-pyran isomers (1 and 2), previously unrelated cyclopenta [b] furan isomers of type 3 can also be obtained (Scheme 1). 6 To account for the formation of these unexpected products, a domino Knoevenagel/cationic bicyclization pathway was proposed featuring a pentadienylcyclopentenyl cation rearrangement at the end of the polyene chain of the putative, nonisolable, trienone intermediates. Indeed, iron(III) chloride was shown to catalyze the isomerization of stable isolable trienones of type 1 into these heterocyclic isomers (3) and the process was hence classified as an interrupted vinylogous iso-Nazarov reaction. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Scheme 1. Manifold of the Knoevenagel chemistry using 1,3-dicarbonyl substrates and Due to the wide application of molecular switches in the fabrication of novel materials and devices, the dienone/2H-pyran isomerism has received considerable attention. 8, 9 Krasnaya and Hsung have both independently provided examples of dienones that rearrange to their pyranic isomers upon thermal treatment. 10, 11 In order to test whether vinylogous systems of type 1 behave in such a way, a toluene solution of model substrate 1a, prepared via Knoevenagel condensation between 1,3-cyclohexanedione and sorbaldehyde, was heated under reflux (Scheme 2A). To our surprise, after 30 hours of heating, cyclopenta [b] furan isomer 3a was found as the only isolable product of the reaction. The same reactivity profile was found for other related substrates (Scheme 2B).
Although the use of higher-boiling solvents or sealed systems provided faster transformations, marked reduced yields ensued. The possibility to incorporate the Knoevenagel condensation and cycloisomerization process into a one-pot transformation was explored as well but, unfortunately, no suitable experimental conditions for making it a valuable process could be found.
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The Journal of Organic Chemistry   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Although only moderate yields could be obtained and indeed more efficient transformations were found using our previously developed acid-promoted approach to oxa-6π Our unexpected findings made us revisit the original tandem Knoevenagel/polycyclization reaction between β-diketones or β-ketoesters and α-substituted dienals, for which conjugated trienones were proposed as direct precursors of the cyclopenta[b]furan products 3, and 2H-pyrans of type 2 were regarded rather as products of an unrelated dead-end pathway. 6a In order to find evidence of any intermediate that could be involved, condensation between model substrates dimedone (4) and 2-methyl-5-phenyl-penta-2,4-dienal (5) was carried out in an NMR tube ( Figure 1 ). 
As soon as reaction commenced and before any product 3i was produced, 1 H NMR monitoring indeed revealed the presence of a molecular species that was gradually consumed and completely depleted after 30 hours ( Figure 1 ). This presumable intermediate This finding that 2H-pyrans could be transient intermediates en route to cyclopenta [b] furans prompted us to evaluate whether the cycloisomerization of stable, isolable 2H-pyrans, may be feasible. As a proof-of-concept, compound 2k was chosen as model substrate (Scheme 5). This 2H-pyran was prepared via Knoevenagel condensation between aldehyde 5 and 4-hydroxy-1-methyl-2(1H)-quinolone (7) as previously reported. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 When a toluene solution of 2k was subjected to reflux conditions, cyclopenta[b]furoquinolone 3k was indeed found as the only isolable product in 62% yield (Scheme 5). In addition, the one-pot Knoevenagel condensation/cycloisomerization sequence, in this case, was shown to be accessible (43% yield). The isomerization of pyran 2k could also be promoted using ferric chloride (1 equiv) in dichloromethane at reflux, albeit in lower yield (40%). In this case, the reaction would proceed through initial Lewis acid promoted heterolytic C-O bond cleavage generating key polyenyl cation E which, after In summary, a novel cycloisomerization pathway viable for Knoevenagel chemistry was disclosed. Trienones and 2H-pyrans were found to smoothly rearrange to previously unrelated isomers, cyclopenta [b] furans. Indeed, this heterocyclic scaffold is widespread in Nature. 16 Taking into account the ease with which these assemblies are stereoselectively constructed from simple precursors, the question raises as to whether this approach could account for the biosynthetic origin of natural products such as citridone A (Scheme 5), 17 which shares the same tricyclic cyclopentafuropyridone core present in product 3k. Efforts to clarify this scenario are underway.
EXPERIMENTAL SECTION
Unsaturated aldehydes 5 and 6 have been previously prepared by our group. 
General procedure for the thermal cycloisomerization toward cyclopenta[b]furans 3.
A solution of conjugated dicarbonyl substrate 1 or 2H-pyran 2 (1 mmol) in toluene (10.0 ml, 0.1 M) was heated at reflux until complete consumption of substrate (TLC monitoring).
The solvent was then evaporated under reduced pressure and the crude product was purified 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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